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I. COEFFICIENTS FOR THE FREE-ENERGY FUNCTION POLYNOMIAL EXPANSION
The free-energy function expression is provided in equation (1) of the manuscript:
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Using a nonlinear least-squares optimization algorithm, this expression was fit to the results of density-functional theory (DFT) calculations conducted in the same fashion as described in Refs. 1 and 2 for ε ∈ (−2%, 2%). Specific details of the DFT calculations are presented in the "Methods" section accompanying the manuscript. The fitting coefficients together with their uncertainties are listed in Table I ±1.0 × 10 4 J/K m 3 C 2 α2 1.76 × 10 9 ±2.5 × 10 7 J/ m 3 C 4 α3 3.73 × 10 9 ±2.83 × 10 7 J/ m 3 C 6 α4 −5.91 × 10 8 ±1.45 × 10 8 J/ m 3 C 6 α5 −6.51 × 10 8 ±1.13 × 10 8 J/ m 3 C 6 χ1 −4.18 × 10 9 ±7.16 × 10 7 J/ m 3 C 2 χ2 −3.69 × 10 10 ±1.16 × 10 9 J/ m 3 C 4 χ3 −2.51 × 10 11 ±1.48 × 10 9 J/ m 3 C 4 χ4 1.21 × 10 11 ±3.44 × 10 9 J/ m 3 C 2 χ5 2.41 × 10 12 ±4.77 × 10 10 J/ m 3 C 4 χ6 6.49 × 10 12 ±7.54 × 10 10 J/ m 3 C 4 TC 120.00 K EC response of the system in the high-field poling regime. EC temperature change ∆T , calculated from equation (4) in the manuscript for ε = 0, ±1% (same color conventions apply as in Fig. 1 ). Poling field is changing from Ex,a = Ey,a = 20 kV/cm to
II. DETAILS OF THE AMPLITUDON POLARIZATION SWITCHING IN THE HIGH-FIELD POLING REGIME
E x,b = E y,b = 200 kV/cm.
III. DETAILS OF THE PHASON POLARIZATION SWITCHING IN THE LOW-FIELD POLING REGIME
FIG. 3. Temperature dependencies for some system parameters in the low-field poling regime. Polarization-vector components along a x and b y under different static applied fields Ex,a = Ey,a for ε = 0. c Variation of the polar azimuthal angle θ under the same conditions. Abrupt locking of the polar vector with the applied field occurs at a certain temperature (T lock ) that is dependent on the magnitude of the field. d The EC ∆T curve for ε = 0 with the poling field changing from Ex,a = Ey,a = 1 kV/cm to E x,b = E y,b = 40 kV/cm. Note that here, unlike in the poling scheme described in the manuscript, the poling field is changed symmetrically. Under such conditions, contributions from pyroelectric coefficients px and py cancel each other out, and no (negative) phason ∆T peak is produced. Fig. 4 of the manuscript for the strains of a -1%, b -0.5% and c 0%. These evaluations were performed by using Wolfram Research Mathematica for Students (version 10.3) 3 EstimatedBackground[] function with statistics-sensitive nonlinear iterative peak clipping method.
IV. ENVELOPE ESTIMATION FOR THE PHASON-INDUCED CONTRIBUTION TO THE EC RESPONSE

V. SPECIFIC HEAT EVALUATION
Total heat capacity can be evaluated from the system vibrational density of states (VDOS) g(E) as 5,6
where g(E) is normalized to unity. PSTO VDOS was extracted from the results of the DFT calculations; the details for the latter are presented in the "Methods" section accompanying the manuscript. The computed PSTO VDOS and C(T ) are shown, respectively, in panels a and b of Fig. 6 for values of applied biaxial strain ε ranging from 2% compression to 2% tension. Unlike in the case of BaTiO 3 , 4 in the high-field poling regime, the value of the system excess heat capacity ∆C XS of PSTO around T C , shown in the Supplementary Fig. 1d , remains small, compared to the underlying C(T ) curve in the Supplementary  Fig. 6b . The same is true for the low-field poling regime in the vicinity of T lock , with ∆C XC being at least two orders of magnitude smaller, compared to the C(T ) curve above. As PSTO does not undergo any significant phase transitions involving structural and/or volume changes during the phason polarization switching, the shape of its free-energy density curve [Eq. (1) in the manuscript] remains relatively unchanged at T ∼ T lock and therefore no sharp features are expected to occur in its first and second derivatives with respect to T [see Eq.
(2) in the manuscript].
